per 



WORLD IJNItLLtLlUAL rnurciw i vi\«JAm^nv. 
International Bureau 



INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCTj 



(51) International Patent Classification 5 

C07C 2/30, B01J 31/38 



Al 



(11) International Publication Number: 
(43) International Publication Date: 



WO 92/16477 

1 October 1992(01.10.92) 



(21) International Application Number: PCT/US92/01821 

(22) International Filing Date: 4 March 1992 (04.03.92) 



(30) Priority data: 

668,009 



12 March 1991 (12.03.91) US 



(71) Applicant: EXXON CHEMICAL PATENTS INC. [US/ 

US]; 1900 East Linden Avenue, Linden, NJ 07036 (US). 

(72) Inventors: YOUNG, David, Alexander ; 1621 Sherwood 

Forest Boulevard, Baton Rouge, LA 70815 (US). JONES, 
Larry, Olivier ; 527 Myrtle Hi!! Drive, Baton Rouge, LA 
70810 (US). CAMPIONE, Troy, John ; 221 1 South Kirk- 
wood, No. 29, Houston, TX 77077 (US). 



(74) Agent: MAHON, John, J.; Exxon Chemical Company, 
P.O. Box 710, Linden, NJ 07036 (US). 

(81) Designated States: AT (European patent), BE (European 
patent), BR, CA, CH (European patent), DE (European 
patent), DK (European patent), ES (European patent), 
FR (European patent), GB (European patent), GR (Eu- 
ropean patent), IT (European patent), JP, KR, LU (Eu- 
ropean patent), MC (European patent), NL (European 
patent), SE (European patent). 



Published 

With international search report. 

Before the expiration of the lime limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: PROCESS FOR OLIGOMERIZING C 3 AND HIGHER OLEFINS USING ZIRCONIUM ADDUCTS AS CA- 
TALYSTS 

(57) Abstract 

C 3 and higher olefins are oligomerized using a two component catalyst system comprising (a) a soluble adduct of zir- 
conium letrahalide, the halogen being Br or CI, with an organic compound selected from the group J^^^J^^- 
amines, nitriles, anhydrides, acid chlorides, amides or aldehydes, the organic compound havmg up to about 30 carbon at- 
oms and (b) an alkyi metal selected from the group R 2 A1X, RA1X 2 , R 3 A1 2 X 3 , R 3 A1 and R 2 Zn where R CpC 2 o alkyl and 
X is CI or Br. ZrCl 4 adducts with organic acetates are the preferred embodiments. Dimers, tnmers and tetramers are selec- 
tively prepared in the process. 



BNSDOCID: <W O 9216477A1 I > 



BEST AVAILABLE COPY 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify Stales party to the PCT on the front pages of pamphlets publishing international 
applications under the PCI*. 



AT 


Austria 


Fl 


Pinland 


Ml 


Mali 


AIJ 


Australia 


FR 


France 


MN 


Mongolia 


BB 


Barbados 


CA 


(iabun 


MR 


Mauritania 


BE 


Belgium 


GB 


United Kingdom 


MW 


Malawi 


BF 


Burkitu KiSo 


CN 


Guinea 


NL 


Netherlands 


BC 


Bulgaria 


GR 


Greece 


NO 


Norway 


BJ 


Benin 


HU 


Hungary 


PL 


Poland 


BR 


Brazil 


IE 


Ireland 


RO 


Rumania 


CA 


Canada 


IT 


Italy 


RU 


Russian Federation 


CF 


Central African Republic 


JP 


Japan 


SD 


Sudan 


CC 




KP 


Democratic Peopled Republic 


SE 


Sweden 


CH 


Switzerland 




of Korea 


SN 


Senegal 


CI 


Cotu d*lvuire 


KK 


Republic of Korea 


SU 


Soviet Union 


CM 


Cameroon 


LI 


IJechtciutein 


TD 


Chad 


cs 


Chechoslovakia 


LK 


Sri ianka 


TG 


Togo 


DE 


Germany 


LU 


Luxembourg 


US 


United States of America 


DK 


Denmark 


MC 


Monaco 






ES 


Spain 


MC 


Madagascar 







WO 92/16477 



PCT/US92/01821 



1 - 



PROCESS FOR OLIGOMERIZING C 3 AND 
HIGHER OLEFINS USING ZIRCONIUM 
iT ^nTICTS A , fi ^TALYSTS 



This invention relates to an improved process 
for oligomer izing C 3 and higher olefins. More particu- 
larly, this invention relates to the production of such 
oligomers of higher olefins utilizing an adduct of zirco- 
nium tetrahalides as an essential part of the homogeneous 

catalyst system. 

The oligomerization of ethylene to produce 

linear alpha-olef ins is generally known in the art. The 
use of zirconium-containing catalysts is disclosed, for 
example, in U.S. Patents 4,486,615; 4 , 442 , 309 , 4.434, 313; 
4,434,312; 4,410,750; 4,409,409; 4,396,788; 4,377,720 and 
4,361,714. A number of these patents disclose reaction 
products of zirconium halides to provide "-onium 
alJcoxides or carboxylates , such as U.S. Patents 4 409 409 
and 4,486,615 which show various derivatives of tetrava 
lent zirconium. The concept of the present invention, use 
of zirconium tetrahalide (bromide, chloride or mixtures 
thereof) adducts of certain organic compounds, preferably 
certain alKyl acetate esters, as a catalyst for oligomer- 
ization of C 3 and higher olefins, is not disclosed by 

these references. 

Japanese Application 60-137683, filed June 25, 
1985 by Shiroki et al. and published January 6, 1987 as 
Japanese Kokai 62-000430, discloses the production of 
linear alpha-olef ins by polymerizing ethylene in the 
presence of a mixture consisting of a zirconium halide an 
alkyl aluminum halide and a compound which may be that of 
sulfur or that of nitrogen. The catalyst is described as 
a three component catalyst. 
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U.S. Patent 3,622,552, issued November 23, 1971 
to Futaida et al. discloses the preparation of crystalline 
homo- or co-polymers of olefin using a three component 
catalyst comprising (1) an organoaluminum compound of the 
formula A1R 2 X, R being a hydrocarbyl, X being halogen, (2) 
a Group IV, V or VI transition metal halide and (3) a 
saturated or unsaturated carboxylic ester having a side 
chain on a carbon atom in alpha position to ester carbon 
atoms. Fukuda et al. do not disclose the preparation of 
linear alpha-olefin oligomers and do not disclose the 
formation of a homogeneous two component catalyst, one 
component of which being an adduct of zirconium tetra- 
halide with an organic compound. 

U.S. Patent 4,855,525, issued August 8, 1989, to 
the inventors hereof, discloses the use of zirconium 
tetrahalide adducts as catalysts for the production of 
linear alpha-olefins from ethylene. The present invention 
is based on the discovery that the same zirconium halxde 
adduct catalyst system may be effectively used to 
oligomerize other olefins, namely C 3 and higher olefins. 

The present invention is concerned with a 
process comprising the use of homogeneous catalyst system 
for conducting the oligomerization of propylene and higher 
olefins, in the present invention the objective is toward 
the production of dimers, trimers or tetramers of the 
olefins and not the production of high molecular weight, 

crystalline polymers. 

The present invention provides a number of 
desirable advantages: the catalyst is readily prepared 
and is soluble, it may be used in high concentrations, it 
is storage stable and use of the novel adduct catalyst 
system provides principally branched products wxth suit- 
able conversions of C 3 and higher olefins. The solubility 
of the novel catalyst of this invention enables the cata- 
lyst to be fed to the reaction vessel in an easily 
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controlled liquid stream. Importantly the 
exhibits complete solution into the reaction solution and 
all the zirconium is available for catalysis in contrast 
to prior art techniques wherein zirconium was added as a 

partially soluble salt. 

in accordance with the present invention there 
has been discovered a process for oligomerizing C 3 and 
higher olefins in the presence of a homogeneous two compo- 
nent catalyst, the first component being an adduct of 
ZrClaBrb, where a+b-4 and a or b may be 0, 1, 2, 3 or 4, 
with an organic compound selected from the group con- 
sisting of esters, ketones, ethers, amines, nitriles, 
anhydrides, acid chlorides, amides or aldehydes, said 
organic compound having up to 30 carbon atoms, and the 
second component being an alkyl metal catalyst selected 
from the group consisting of R 2 A1X, RA1X 2 , R 3 A1 2 X 3 , R 3 A1 
and R 2 zn wherein R is Cl -C 20 alkyl and X is el or Br, the 
oligomerization being conducted in a reactor vessel at 
50-C to 300-C at a suitable pressure (depending on the 
olefin used) of about 15 to 5,000 psig in the liquid 

phase. , ■ 

Suitable olefins which may be oligomenzed xn 

accordance with the present invention include those having 

about 3 to 20 carbon atoms, such as propylene, butylene, 

hexene, decene, tetradecene and the like, including both 

linear and branched olefins. Particularly preferred are 

aliphatic, monounsaturated linear hydrocarbyl unsubsti- 

tuted 1-olefins such as propylene-1, butene-1, hexene-1, 

decene-1, and tetradecene-1 which have about 3 to 2 0 

carbon atoms. The invention is also considered applicable 

to aromatic or cycloaliphatic olefins capable of being 

oligomerized such as styrene, 4-vinlycyclohexene and 

dicyclopentadiene . 

The products of this invention have a number of 
uses. They are particularly useful as feedstocks for 
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hydroformylation and hydrogenation in order to m» 

high molecular weight alcohols having a specific molecular 

weight, such alcohols are used for preparation of plastl- 

cizers and surfactants and detergents. For 

decene may be dimerized to c 20 olefin which -ay be hydro 

formylated and hydrog.nated to prepare a C 21 alcohol, 

which may he ethoylated to provide a u~ful 

Also. 1-decen. nay be trimerized and terrorized to maKe 

C30/C0 olefins which may then be hydrogenated to maKe 

synthetic basestocks for lubricants. . 

An essential aspect of the present invention is 
that the first component of the catalyst is an adduct of 
zirconium tetrahalide. the halogen being Br or CI or a 
^rture of said halides, with certain organic compounds 
The second component of the catalyst, which is an alKyl 
aluminum or alky! zinc compound, is well Known m the art 
and has been used conventionally in ethylene oligomenza 
tion processes as a co-catalyst component. 

The first component of the catalyst may be an 
adduct of ZrClaBth with an ester, a Ketone an "ther, an 
amine, a nitrile, an anhydride, an acid chloride an amide 
or an aldehyde and these various adduct-formin, organic 
exponents may have up to about 30 carbon atoms. The 
adduces generally include mole ratios of organic component 
to zirconium of from about 0.9 to 1 up to about 2 to 1. 
Preferred are egui-olar adducts. The adduct must be solu- 
ble in and stable in the solvent which is used as the 
reaction medium for the oligomerization process of the 

present invention. 

Adducts may be formed from ZrCl 4 , ZrBr 4 , as well 
as the mixed tetrahalides: 2rClBr 3 , ZrCl 2 Br 2 and ^ 
wherein the halogen is limited to CI or Br. ZrCl 4 adducts 

are especially preferred. 

Preferred are adducts of ZrCl 4 with esters of 
the general formula Rl COOR 2 where R L and R 2 may be alkyl, 
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aryl, alkaryl or aralkyl groups having a total of l to 30 
carbon atoms and R x may also be hydrogen. R X and R 2 taken 
together may also represent a cycloaliphatic group and the 
ester may be compounds such as gammabutyro lactone or 
phthalide. Especially preferred are alkyl acetate esters 
where the alkyl group has 6 to 16 carbon atoms such as n- 
hexyl acetate, n-heptyl acetate, n-octyl acetate, n-nonyl 
acetate, n-decyl acetate, isohexyl acetate, isodecyl 
acetate, and the like which have been found to form 
discrete dimeric equimolar adducts with ZrCl 4 . Thxs 
particularly preferred embodiment may be represented by 
the formula <ZrCl 4 • CHSCOORj.) 2 where R x is a C 6 to C 16 
alkyl or a mixture of C 6 to C 16 alkyls. These preferred 
ester adducts are capable of providing highly concentrated 
solutions in the solvent used as the reaction solvent, 
i.e., up to about 40% by weight of ZrCl 4 , when preferred 
mixed isomers of isodecyl acetate esters are used. 
Particularly useful are mixtures of various isomers of 
isohexyl, isoheptyl, isooctyl, isononyl, isodecyl or 
isotridecyl acetate sold by Exxon Chemical Company, 
respectively, as Exxate* 600, Exxate« 700, Exxate* 800, 
Exxate« 900, Exxate* 1000 and Exxate* 1300. The isohexyl 
acetate mixture comprises about, by weight, 36-38% n-hexyl 
acetate, 18-20% 2-methyl-l-pentyl acetate, 22-24% 3- 
methyl-l-pentyl acetate and 16-18% 4-methyl-l-pentyl 
acetate as principal compounds. Exxate. 1000 isodecyl 
acetate mixture is a complex mixture of isomers and gas 
chromatographic analysis shows about 100 different isomers 
being present, none of which are greater than about 12% by 
weight of the mixture. Exxate* 1000 has a boiling point 
range of about 425-F to 482'F (95% distilled). 

These adducts have been prepared by simple addi- 
tion of the organic ester to a slurry of ZrCl 4 in the 
inert organic or alpha-olefin solvent. The ester is added 
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slowly to the stirred mixture at room temperature and com- 
plete formation and dissolution of the adduct is observed 
after several minutes. The dissolution is exothermic and 
the mixture reaches a temperature of about 50 *C as a 
result of the heat of reaction due to adduct formatxon. 

Also suitable, for providing soluble zirconium 
adducts useful as the first component catalyst of the 
present invention are ketones, ethers and aldehydes whxch 
may be represented, respectively, by the formulas: 
R lC (:0)R 2 , Rl 0R2 and Rl C(:C-)H where R X and R 2 represent 
alkyl, aryl, alkaryl or aralkyl groups, the total of R X 
and R 2 being not more than about 30 carbon atoms. Also 
suitable are primary, secondary and tertiary amines 
wherein the hydrocarbyl radicals have up to about 30 
carbon atoms, such as n-dodecyl amine and tri-n-hexyl 
amine. Also suitable are hydrocarbyl cyclo-aliphatxc 
ethers and ketones having from 4 to 16 carbon atoms, e.g., 

cyclohexanone. 

Other adduct-forming organic compounds useful xn 
the present invention include nitriles, anhydrides, acid 
chlorides and amides having up to 30 carbon atoms. These 
na y be represented, respectively, by the formulas RC=N, 
(R(C:0)) 2 0 RC(:0)C1 and RC(:0)NH 2 , RCCONHR or RC(:0)NR 2 
where R represents a hydrocarbyl alkyl, aryl, alkaryl or 
an aralkyl group having up to about 30 carbon atoms. 
Examples are adducts of ZrCl 4 with n-undecane nxtrxle, n- 
decyl succinic anhydride and n-decanoyl chloride. 

The second catalyst component of the present 
invention is an aluminum alkyl of the formulas R 2 A1X, 
*A1X 2 , R3AI3X3, *3*1 or a zinc alkyl of the formula R 2 Zn, 
where R x , R 2 and R 3 may be Cl -C 20 alkyl and X xs CI or Br 
Diethylaluminum chloride, aluminum ethyl dichlorxde and 
mixtures thereof are preferred. 

The process of the present invention is con- 
ducted under generally conventional oligomerization condi- 
tions of temperature and pressure, that is, about 50 -C to 
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250-C and about 500-5000 psig, preferably 1000 to 3500 
psig for C 3 to about C 6 olefins, about 15-5000 psig for c 7 
and higher olefins. Pressure is widely variable because 
of the differences in the olefin vapor pressures at reac- 
tion temperatures. 

The process is conducted in the liquid phase. 
When c 3 and c 4 olefins are being oligomerized, there is 
employed an inert solvent which must be non-reactive with 
the catalyst system or in the presence of a solvent such 
as a liquid alpha-olef in, particularly C 6 -C 100 alP**- 
olefins. Other suitable solvents for both olefin and 
catalyst include aromatic or aliphatic hydrocarbons and 
halogenated aromatics such as chlorobenzene , dichloro- 
benzene and chlorotoluene. Preferred solvents are 

toluene, xylenes, particularly p-xylene, and C 3 -C 2 4 
alkanes, especially n-heptane and n-decane. Mixtures of 
these solvents may also be used. Generally speaking, for 
C 5 and higher olefins the vapor pressure of the olefin is 
usually suitable so that a liquid phase reaction mxxtvxre 
may be maintained without the need for a solvent for the 
olefin reactant, but a solvent is required to act as a 
carrier for introduction of the catalyst into the reactor. 

The amount of first catalyst component used in 
conducting oligomerization according to the present inven- 
tion may be expressed as about 2xlcT« moles to about 
200X10- 6 moles of zirconium adduct catalyst component per 
gram of olefin being oligomerized. The second catalyst 
component, such as diethylaluminum chloride, is used xn an 
amount such that the molar ratio of second component to 
first component is from about 15:1 to about 3:1. 

The preferred temperature range to obtain 
oligomerization is about 120'C to 250'C. At these pre- 
ferred temperatures, the pressure should be about 1000 
psig in a continuous stirred tank reactor, which wxll 
produce about 10-65% conversion of olefins to dimers, 
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trimers and tetramers for C 3 to <= 6 olefins, and about 15 
to 5000 psig for o 7 or higher olefins. 

in practicing the process of the present inven- 
tion, the presence of water in the system should >e mini- 
mized, since the catalyst of this invention is 
larly sensitive to the presence of water. It has been 
found that only minor amounts of water will tend to 
produce undesirable quantities of high molecular weight 
polyolefins and will reduce conversions to the desired 
product. The amounts of water are best controlled with 
respect to the molar ratio of zirconium to water in the 
reaction mixture. The amount of water present is prefer- 
ably in the range of about 20 to 1 to about 5.000 , to 1 
moles of zirconium per mole of water or higher. Within 
these desired ranges the percentage of high 
weight (greater than 10,000) polyolefins is between 0.017 
and 0.04 wt.%, based on the weight of product with conver- 
sions to product being in the range of about 55 to 70*. 
However, at 2 r/H 2 o mole ratios of 5 to 10 to 1 or less, 
while a conversion to desired oligomer product will occur, 
substantial amounts of polyolefins may be formed and 
reactor fouling might occur. The maximum amount of weter 
from a practical viewpoint is considered to be a Zr/H 2 o 
mole ratio of at least 10 to 1. 

The process of the present invention will pro 
vide primarily oligomers which are dimers, trimers and 
tetramers of the olefin feedstocK which is sub 3 ected to 
the process. Generally, the conversion of olefi* to 
oligomers will be on the order of about 30 to 60% with the 
products comprising about 35 to 70% dimers 10-20% 
trimers, 5-20% tetramers with typically 5% or less of 
higher molecular weight oligomers and polymeric - t ^" ls " 
F or example, h.xadecene-1 may be selectively converted to 
oligomers comprised of about so% dimer (C 32 olefin) and 
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20% trimer (C 48 olefin) with only trace amounts of other 
products. Thus, the present invention provides an advan- 
tageous method of preparing commercially acceptable yields 
of olefins having specific molecular weight values. 

The invention is further illustrated by the 
following Examples which are not to be considered as Ixmi- 

tative of its scope. 

The oligomerizations in the Examples below were 
conducted in a 1-liter stirred autoclave. Reactor volume 
was controlled at about 5 00 cc by a dip leg which served 
as the reactor exit. The autoclave was electrically 
heated and oil cooled. The moisture content «- 
continuously using aluminum oxide sensors. Olefin was fed 
continuously at a measured rate to the reactor 
test runs. Reaction solvent was dried over sieves to less 
than 1 ppmw and then metered continuously into the reac- 
tor, catalyst and co-catalyst solutions were prepare* Lin 
a dry box using heated and evacuated glassware to insure 
minimum water contamination. The zirconium catalyst was 
diluted in dry solvent (solvent dried to less than 1 ppmw 
over molecular sieves, to a concentration or about 20 xio 
« gram moles of zirconium per gram of solution. The solu- 
ble were then transferred to the reactor fee* Ltan*. and 
held under a nitrogen blanket. The aluminum co-catalyst 
solutions were prepared from 20* by weight stocK solutions 
obtained from a supplier. Again, dilution solvent was 
dried to less than 1 PP« water content before using, co- 
catalyst was generally diluted to about 200 xio gram 
moles of aluminum per gram of solution. 

EjaHEUU ' zirconium tetrachloride powder 80.0g, 0.343 
mole, was placed in a dry glass vessel under a dry argon 
atmosphere. Next 125.0, of dry n-heptane solvent was 
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added. The resuming slurry was stirred while dry iso- 

Chemical Company), 70. og, 0.318 mo , 

• There was an exotherm to about « 

over 10 minutes. There was vellow 

^Xe the ZrCX 4 dissoXved ^ ^Jnt of 

soXution. The haze was due to » Ms 
inorganic impurities and unreacted Z*C1<. 
fiXtered through a dry Bediui. porosxty 

j , ritt rinsed with 7.2g dry heptane. me 

argon and the frxtt ™ and oonsiste d 

TTear^Xe yxow solution that contained 2S.3 t.% 



acetate. 



SlMEI ^ using the SrCX 4 adduct prepared ahove in ExampXe 
1 and diethyxaxuminu* chloride (DEAC) """^'^ 
series of oligo-erirations "-^^ ~" u the 
using the conditions set forth xn Table 
results are set forth in Table 2. 

^ sini iar oXigomerizations were carried out using 
Ldecene as the feedstock. The conditions are shown xn 
Tabie 3 and the resuXts in Tabie 4. 

EJaHEM ^ siniXar oXigomerisation was carried out using£ 
tetradecene as the olefin. Conditions are shown xn Table 
5 and results in Table 6. 

TRAMPLES 



The process was repeated using 1-hexadeoene as 
the olefin. Conditions are shown in Table 7 and results 
in Table 8. 
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P fiafTTTON rppnTTlONS 



Variable 



_ Run 1 fiun 2 



150 deg.C 130 deg.C 
Temperature * 

(a) 1000 psig 1000 psxg 
Pressure^' 

„ - 400 g/hr 400 g/hr 
l-Decene Feed y/ 

DEAC Cone, x 10" 6 moles/g 211.3 211.3 
DEAC Flow Rate 



41.1 cc/hr 41.1 cc/hr 



Zr Adduct Cone, x 10' 6 moles/g 38.3 38-3 
Zr Adduct Flow Rate 
Al/Zr Molar Ratio 
Residence Time 



37.6 cc/hr 37.6 cc/hr 
5.5 5.5 
45 min 45 min 



(a) The pressure was adjusted to the indicated value by 
addition of dry nitrogen gas. 
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TjyjLE 4 
RESULTS 



Item 



Productivity, g Product/g Zr 
Conversion 



Product Distribution 
C20 
C30 
C40 



Run 1 



Run 2 



Isomer Distribution For The 
Most Abundant C20 Olefins 

1. unidentified 

2. unidentified 

3 . unidentified 

4 . unident i f ied 
5 - unidentified 



2014 
58.4% 



73.3% 
20.5% 
6.1% 



63.9% 
17.9% 
8.7% 
6.8% 
0.8% 



1766 
51.2% 



69.8% 
23 .2% 
7.0% 



65.3% 
17.2% 
•8.6% 
5.2% 
1.0% 
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flfiACTTON fiOWDITIONS 



Variable 

Temperature 
Pressure ( a ) 
1-Tetradecene Feed 
DEAC Cone, x 10~ 6 moles/g 
DEAC Flow Rate 

Zr Adduct cone, x 10~ 6 moles/g 
Zr Adduct Flow Rate 
Al/Zr Molar Ratio 
Residence Time 

< a > The pressure was adjusted to the indicated value by 
the addition of dry nitrogen gas. 



R 11 " 1 

150 deg.c 
1000 psig 
470 g/hr 

289.4 

30.1 cc/hr 
40.9 

34.2 cc/hr 
6.2 

45 min 
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RESULTS 



.Item. 



Productivity, g Product/g Zr 
Conversion 

Product Distribution 
C28 
C42 

isomer Distribution For The 
Most Abundant C28 Olefins 

1. unidentified 

2 . unidentified 

3 . unidentified 

4 . unidentified 

5 . unidentified 



2372 
56.7% 



83.5% 
16.5% 



65.7% 
15.1% 
7.9% 
4.7% 
1.2% 
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TAP** 7 

nrft r r pTn N sqhbiziqhs 

Variable KW* 1 



Temperature 



150 deg.c 



Pressure < a > 1000 P si * 

l-Hexadecene Feed 535 9/&r 

DEAC Cone, x 10" 6 moles/g 287.0 

DEAC Flow Rate 3°' 6 cc / nr 

Zr Adduct cone, x 10~ 6 moles/g 42.2 

Zr Adduct Flow Rate 33.5 cc/hr 

Al/Zr Molar Ratio 6 » 2 

Residence Time 1 hr 



(a) ^ pressure was adjusted to the indicated value by 
the addition of dry nitrogen gas. 
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pKSULTS 



Item, 



Productivity, g Product/9 Z r 
Conversion 

Product Distribution 
C32 
C48 

Isomer Distribution For The 
Most Abundant C 32 Olefins 

1. unidentified 

2 . unidentified 

3 . unidentif ied 

4. unidentified 

5. unidentified 



Run 1. 

2803 
58.7% 



80.0% 
20. 0% 



64.2% 
15.7% 
7.7% 
5.1% 
1.7% 
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CLAIMS ; 



1. A process for conducting the oligomeriza- 
tion of C 3 and higher olefins which comprises oligomeriz- 
ing said olefins in the presence of a homogeneous two 
component catalyst, the first component being an adduct of 
ZrClaBr-b, where a+b-4 and a or b may be 0, 1, 2, 3 or 4, 
with an organic compound selected from the group consxst- 
ing of esters, ketones, ethers, amines, nitriles, anhy- 
drides, acid chlorides, amides or aldehydes, said organxc 
compound having up to 30 carbon atoms and the second com- 
ponent being an alkyl metal catalyst selected from the 
group consisting of R 2 A1X, RA1X 2 , R 3 A1 2 X 3 , 1*3*1 and R 2 Zn 
wherein R is Cl -C 20 alkyl and X is Cl or Br, the oligc--r- 
ization being conducted in a reactor vessel at 50 C to 
300-C at a pressure of about 15 to 5000 psig in the liquid 
phase, with the presence of water in the reactor vessel 
being minimized such that the ratio of moles of. zirconium 
to moles of water is at least 10 to 1. 

2 The process of claim 1 wherein the amount 
of said zirconium adduct is about IxlO" 6 to 200x10'* moles 
per gram of olefin being oligomerized. 

3 The process of claim 2 wherein the molar 
ratio of said alkyl metal catalyst to said zirconium 
adduct is about 15:1 to 3:1. 

4. The process of claim 1 wherein the olefin 
is a C 3 -C 20 ' linear aliphatic hydrocarbyl monounsaturated 
olefin. 
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5. The process of claims 1, 2, 3 or 4 wherein 
said organic compound is an ester of the formula R lC oOR 2 
wherein Ri and R 2 represent alkyl, aryl, alkaryl or 
aralkyl groups having a total of 1 to 30 carbon atoms and 
Rl may be also K. 

6. The process of claim 5 wherein said organic 
compound is an acetate ester of the formula CE 3 COO Rl where 
Rl has about 6 to 16 carbon atoms and the adduct is of the 
formula ( ZrCl4 . CH 3 COO Rl ) 2 • 

7. The process of claims l, 2, 3 or 4 wherein 
said adduct is an adduct of ZrCl4. 

8. The process of claim 6 wherein the acetate 
ester is a mixture of isomers of isodecyl acetate. 

9. The process of claim 1 wherein said ketones 
have the formula Rl C(:0)R 2 where Ri and R 2 represent 
alkyl, aryl, alkaryl or aralkyl groups having a total of 1 
to 30 carbon atoms or a cycle aliphatic hydrocarbyl group 
having 4 to 16 carbon atoms. 

10. The process of claim 1 wherein said ethers 
have the formula Rl OR 2 where R x and R 2 represent alkyl, 
aryl, alkaryl and aralkyl groups having a total of 1 to 30 
carbon atoms or a cycle aliphatic hydrocarbyl group having 
4 to 16 carbon atoms. 

11. The process of claim 1 wherein said alde- 
hydes have the formula R lC (:0)H where Ri represents alkyl, 
aryl, alkaryl and aralkyl groups having 1 to 30 carbon 
atoms • 
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12. The process of claim 1 wherein said 
nitriles have the formula RC=N wherein R represents alkyl , 
aryl, alkaryl and aralkyl groups having a total of l to 30 
carbon atoms. 

13. The process of claim 1 wherein said anhy- 
drides have the formula (R-C(:0)) 2 O wherein R represents 
alkyl , aryl, alkaryl and aralkyl groups having a total of 
1 to 30 carbon atoms. 

14. The process of claim 1 wherein said acid 
chlorides have the formula RC(:0)C1 where R represents 
alkyl f aryl, alkaryl and aralkyl groups having a total of 
1 to 30 carbon atoms* 

15. The process of claim 1 wherein said amides 
have the formulas RC(:0)NH2, RC(:0)NHR and RC(:0)NR 2 where 
R represents alkyl, aryl, alkaryl and aralkyl groups 
having a total of 1 to 30 atoms. 

16. The process of claims 1, 2, 3 or 4 wherein 
the olefin is propylene. 

17. The process of claims 1, 2, 3 or 4 wherein 
there is present a solvent which comprises p-xylene, mixed 
xylenes, or n-decane. 

18. The process of claims 1, 2, 3 or 4 wherein 
the alkyl metal catalyst is diethylaluminum chloride, 
aluminum ethyl dichloride or mixtures thereof. 

19. The process of claims 1, 2, 3 or 4 wherein 
the olefin is 1-decene. 
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